. We prepared spectroscopic alpha sources (20-100 μg) from the three activations and counted them during several months using a silicon surface-barrier detector at Kanazawa University (Fig. 1, 25 Galactic-disk enrichment in low-metallicity gas (Fig. 3) . This reduces the age of late events (≥ 50 Ma) (age is measured in this work relative to the birth of the solar system) but has a minor effect on earlier events (Table   1) . Samarium-146 observations in terrestrial samples can be divided into two groups: (i) most terrestrial rocks display a 142 Nd/ 144 Nd ratio higher by ~18 parts per million (ppm) than CHUR (9) and (ii) anomalies in the 142 Nd/ 144 Nd ratio relative to the terrestrial standard, both positive, in rocks from Greenland and Australia (2,10), and negative, in rocks from Northern Quebec (2,11). 
The α decay of 146 Sm serves as a clock for determining the chronology of solar system formation (1) and planetary differentiation (2) and can reveal insights into p-process nucleosynthesis of solar 146 Sm (3) . The correlation between anomalies in isotopic abundances of 142 Nd and the Sm content, first observed (4) in meteorites, provided evidence for extinct 146 Sm (entirely decayed to 142 Nd). Neodymium-142 anomalies relative to the chondritic uniform reservoir (CHUR) observed in meteorite parent bodies (5-7), Earth (8) (9) (10) (11) , Moon (12) (13) (14) and
Mars (15) (16) (17) (18) , primarily positive, are attributed to a small fractionation during partial melting or solidification favoring Sm in the solid phase in the silicate mantle owing to the slightly higher incompatibility of Nd, while 146 Sm was still live (not entirely decayed). Caro et al. (18) inferred in addition that the Sm/Nd ratio of bulk Earth, Moon and Mars is 5-10 % higher than CHUR, which accounts for part of the positive anomalies, possibly due to fractionation and collisional erosion (2, 14, 18, 19) .
The half-life of 146 Sm, which sets the scale of the 146 Sm- 142 Nd clock, was previously measured four times (20- t by measuring the α-activity ratio and atom ratio of 146 Sm to naturally-occurring 147 Sm in activated samples of 147 Sm and using the equation t denotes the 147 Sm alpha-decay half-life, 107.0 ± 0.9 billion years (Ga) (24), and A A , N A the alpha activity and atom number of A Sm in the sample, respectively. The ratio measurement eliminates most systematic uncertainties in determining the α activity due to detector efficiency and geometrical acceptance. We produced three independent 146 Sm source materials by activating isotopically enriched 147 Sm targets via the following nuclear reactions: (i) 147 Sm(γ,n) 146 Sm (using 50-MeV electron bremsstrahlung radiation); (ii) 21-MeV proton irradiation through the 147 Sm(p,2nε) 146 Sm reaction and (iii) fast-neutron activation 147 Sm(n,2n) 146 Sm (25). We prepared spectroscopic alpha sources (20-100 μg) from the three activations and counted them during several months using a silicon surface-barrier detector at Kanazawa University ( Fig. 1, 25) , determining thus the α-activity ratio. For the determination of the 146 Sm/ 147 Sm atom ratio, we used accelerator mass spectrometry (AMS) at the ATLAS facility (Argonne National Laboratory) because of the need to discriminate isobaric 146 Nd interferences, observed to be critical in our experiment when using thermal-ionization mass spectrometry (26). The AMS isobaric separation was accomplished by the combined action of the high energy of the Sm ions after acceleration and use of a gas-filled magnetic spectrograph (27, 28, Fig.1 147 Sm counting rate, giving consistent results (see (25, 29) for details on sample preparation and methods of measurement).
Our measured 146 Sm half-life is shorter than the adopted value by a factor 0.66 ± 0.07 (1σ) (unweighted average and standard deviation) (Fig. 2) . This corresponds to a 146 Sm half-life of 68 ± 7 Ma (1σ); the systematic error (1 %) associated with the 147 Sm half-life (24) is small compared to the random errors. Our value is shorter by ~30% than the values (102.6 ± 4.8 Ma)
and (103.1 ± 4.5) Ma from (22, 23), respectively, and consistent (within larger uncertainties) with the two earlier works of Dunlavey and Seaborg (20) (Fig. 3) . This reduces the age of late events (≥ 50 Ma) (age is measured in this work relative to the birth of the solar system) but has a minor effect on earlier events (Table   1) . Samarium-146 observations in terrestrial samples can be divided into two groups: (i) most terrestrial rocks display a 142 Nd/ 144 Nd ratio higher by ~18 parts per million (ppm) than CHUR (9) and (ii) anomalies in the 142 Nd/ 144 Nd ratio relative to the terrestrial standard, both positive, in rocks from Greenland and Australia (2,10), and negative, in rocks from Northern Quebec (2,11).
Two explanations were offered for the (i) anomalies, that the mantle had to differentiate within ≤ 30 Ma (2, 9) or that Earth (and the Moon and Mars) has a bulk Sm/Nd ratio 5-10% higher than CHUR (2, 14, 18) 
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SOM text
Figs. S1 to S6 Table S1 , S2 m Calculated assuming the data form a mixing line and the source has CHUR Sm/Nd ratio. See value for each sample is the unweighted mean and standard deviation of the double ratios measured in repeat measurements of that sample (see Table S1 Spectroscopic alpha sources (20-100 µg) from the three activations were prepared by precipitation onto Teflon micropore filters (4.9 cm 2 filtering area). Alpha activities (Fig. 1 , see Table S1 ) were measured during several months at Kanazawa University (Japan), using a silicon surface-barrier detector of 450 mm 2 active area and ~20% efficiency (34).
In order to prepare samples for atom ratio measurements, the Sm sources were dissolved and quantitatively diluted with high-purity nat Sm in various ratios (Table S1) Chemistry of (p,2nε ε ε ε) sample P-x 6 ), beyond the separation power of the accelerator, is achieved in a gas-filled magnetic spectrograph (27).
The ions are then physically separated due to their (Z-dependent) mean charge state in the gas, unambiguously identified and counted by measurement of their position and differential energy loss in a focal-plane detector ( Fig. 1 right panel) . For a quantitative determination of the atom ratio, the count rate of 146 Sm 22+ ions in the focal-plane detector was normalized to the charge current (of the order of several nA) of the 147 Sm 22+ beam, transported after proper scaling of the accelerator to electron-suppressed Faraday cup positioned before the spectrograph entrance. The fraction of ions produced by the ECRIS in the 22+ charge state is considered identical for the two isotopes. The atom ratio for each measured sample is listed in Table S1 and is shown ( Fig. 2 and Fig. S3 ), divided by the expected atom ratio calculated using its alpha activity, its dilution factor (Table S1 ) and the currently adopted half-life value Table S1 ). In order to estimate the effective uncertainty associated with these fluctuations, difficult to control in the accelerator, we performed repeat measurements of each sample and conservatively take the unweighted standard deviation of the measurements as the uncertainty in each set of data points. The systematic uncertainty in our determination of the 146 Sm half-life introduced by the uncertainty in the 147 Sm half-life is negligible, when using the high precision value (107.0 ± 0.9 Ga) (24); see shown in (29), the measured atom ratios (Fig. 2 ) are consistent with those described above and confirm that no unaccounted ion losses occur between the Faraday cup and focal plane detector. The ion spectra accumulated for attenuated beams of 147 Sm and 152 Sm (Fig. 2 in 29) show also that the respective beams are isotopically pure.
SOM Text
Sm dilution (P-3 This Sm solution was used for the following dilution (P-3, P-4, G-2, N-2). Sm/g-soln.).
6. The solution was mixed well and then Sm was precipitated with ammonia water.
7. The Sm precipitate was dissolved in a few drops of HCl and diluted to ~50 mL with deionized water. 2. The filter was removed and weight of the solution was measured.
The weight: 37.7g
3. 51.9 mg (=50 µL) of the solution was diluted to 51.7g (≅ 50 mL) with ~1M HNO 3 for ICP-MS measurement. Sm/g-soln.).
5. The solution was mixed well and then Sm was precipitated with ammonia water.
6. The Sm precipitate was dissolved in a few drops of HCl and diluted to ~50 mL with deionized water. Sm α activity ratio using the 146,147 Sm currently adopted half-lives.
The double ratio is equivalent to the ratio of the presently measured 146 Sm half-life to that adopted in the literature. Error bars represent statistical errors in alpha activity and ion counting, random errors in dilution ratios and ion transmission. The AMS atom ratios are measured relative to the charge current of 147 Sm 22+ measured in an electron-suppressed Faraday Cup in front of the gas-filled magnetic spectrograph. Fluctuations observed for sample N-8 are larger than for other samples but consistent with the random errors assigned
Fig. S4
Dilution plot for samples N-x (Table S1) 
